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Abstract: In this study, the phytase from Lactobacillus brevis strains isolated from fermented food products was produced
and characterized. Phytase production of this strain was determined by production of clear zones around the colonies
on the sodium phytate containing medium, after 48 h of incubation at 30 °C. The molecular weight of the phytase from
Lactobacillus brevis was estimated as 73 kDa and 34 kDa on SDS-PAGE. The optimum activity of Lactobacillus brevis
extracellular and intracellular enzymes emerged at 120 °C, pH 3.4 and at 110 °C, pH 3.4, respectively. The extracellular
enzyme from Lactobacillus brevis was 91% stable for 5 min at 90 °C. Lactobacillus brevis intracellular enzyme activity
was significantly stimulated with HgCl2 (157%), MnCl2 (140%), ZnCl2 (121%), MgCl2 (133%), CuCl2 (131%), and
FeCl2 (123%).
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Introduction
During maturation, cereal and legume seeds accumulate a substantial amount of phytic acid (myo-inositol1,2,3,4,5,6-hexakis hydrogen phosphate) (1). Consequently, most of these seeds and their coproducts
include 1%-2% phytic acid, which represents >60%
of their total phosphorus (2). Discovered by Pfeffer as
early as 1872, this molecule is charged with 6 phosphate
groups extending from the central myo-inositol ring.
The molecular formula of phytic acid is C H O P
6 18 24 6
and its molecular weight is 660.04 g mol–1. The salts
of phytic acid are called phytates (3). Phytate works in
a broad pH region as a highly negatively charged ion,
and thus its presence in the diet has a negative impact
on the bioavailability of cations such as Ca+2, Mg+2,
Fe+2/+3, Zn+2, and Mn+2 (4-6). It also makes complexes
of the basic amino group of proteins, preventing their
absorption and reducing their dietary availability (7).
Phytate represents the major storage form of phospho-

rus in cereal grains, legumes, pollens, and oilseeds (8),
and as such, it is the major natural phosphorus source
in animal feed. Phytate passes undigested through the
digestive tract of monogastric animals as they produce
little or no intestinal phytase activity (9). As a result,
monogastric feed must usually be supplemented with
inorganic phosphate. Meanwhile, phytate-bound
phosphorus is excreted, becoming an environmental
pollutant in areas of intensive animal agriculture. Excessive phosphorus in soil runs off into lakes and seas,
causing eutrophication and stimulating the growth of
aquatic organisms that may produce neurotoxins injurious to humans (10). In contrast to the antinutritional
properties, dietary phytate has also been suggested
to have beneficial effects such as being an anticancer
agent (colon, breast, pancreatic, etc.), having hypolipidemic activity, and protecting against arteriosclerosis,
coronary heart disease, diabetes mellitus, HIV, dental
caries, and renal lithiasis (11).
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Phytase is chemically known as myo-inositol
hexakisphosphate phosphohydrolase, and it belongs
to a special class of phosphomonoesterases. Phytases
catalyze the stepwise phosphate splitting of phytic
acid or phytate to lower inositol phosphate esters and
inorganic phosphate (10,11). This enzymatic activity
produces available phosphate and a nonmetal chelator compound. Phytases are considered to be useful
in upgrading the nutritional quality of phytate-rich
foods and feeds (12). The ability to synthesize phytases is widely distributed among organisms, including plants, microorganisms, and animal cells. Phytases can be divided into 2 groups based on the initiation site of phosphate hydrolysis in the carbon ring
of inositol. Microbial phytases, especially those of
fungal origin (E.C. 3.1.3.8), often split the phosphate
group at the C1 or C3 (carbon) of the inositol ring, and
are called 3-phytases. Plant phytases (E.C. 3.1.3.26)
act preferentially at the C6 and are called 6-phytases
(10). Similarly, phytases can be grouped as acidic,
neutral, or alkaline phosphatases depending on the
optimum pH of their activity (13).
The supplementation of phytase in fodder improves the phosphorus bioavailability and reduces
phosphorus excretion in the areas of intensive livestock. Therefore, for both environmental and economic reasons, phytases and phytase-producing
microbes are attracting significant industrial interest
(14). Biotechnological application of phytase in food
areas has been taken into consideration (15,16). Because phytate acts as an antinutrient by binding to
proteins and by chelating minerals (17), the addition
of phytase can improve the nutritional value of plantbased foods by enhancing protein digestibility and
mineral availability through phytate hydrolysis during digestion in the stomach or during food processing (18).
All over the world, lactic acid bacteria are widely
used to improve the shelf life and nutritive qualities of perishable and other foods such as milk, vegetables, meat, fish, legumes, and cereals. Cereal and
pulse-based food products are a main staple food
worldwide (19). Since lactic acid bacteria have traditionally been used in fermented foods, they may
be a source of microbial phytases. If they do produce
phytases, they can be used as suitable starter cultures
for legume and cereal fermentations. Moreover, some
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lactic acid bacteria have the potential to be used as
probiotics, and if they can produce these enzymes in
the gut, it could be advantageous (20).
The aim of this study was to screen Lactobacillus
strains isolated from fermented food in order to find
phytase activity. The optimal conditions for phytase
activity on its synthesis have been studied, and relevant information is provided about their potential
role in the industrial area.
Materials and methods
Microorganism, media, and cultivation
Lactobacillus brevis, isolated from Hatay boiled
cheese, was used as a phytase producer. One gram
of cheese sample was diluted in 5 mL of MRS broth
and homogenized with vortex. The dilution was then
transferred to an MRS agar plate for preliminary isolation of the lactobacilli. The plate was anaerobically
incubated in an Anaerobe system in the presence of
a gas-generating kit (Oxoid) at 30 °C for 48 h. The
stock culture was maintained on an MRS agar slant
(21-23).
Identification of Lactobacillus sp.
The bacterial isolate was tested for Gram staining,
catalase reaction, and cell morphology. Gram-positive, catalase-negative isolates were considered as
presumptive lactic acid bacteria (22).
Phytase plate assay
The phytase activity of Lactobacillus brevis was detected using a specific method described by Bae et
al. (24). The bacterial isolate was grown in sodium
phytate-containing medium (25) at 30 °C and examined after 48 h of incubation for clearing zones
around the spots. To eliminate false positive results
caused by microbial acid production, the petri plate
was flooded with 2% (w/v) aqueous cobalt chloride
solution. After 5 min of incubation at room temperature, the cobalt chloride solution was removed and
then added to a freshly prepared solution containing
equal volumes of a 6.25% (w/v) aqueous ammonium
molybdate solution and a 0.42% (w/v) ammonium
vanadate solution. Following 5 min of incubation,
the ammonium molybdate/ammonium vanadate solution was removed and the plate was examined for
zones of phytate hydrolysis.
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Phytase activity
Lactobacillus brevis was cultivated in MRS broth containing 0.1% (w/v) sodium phytate and 0.2% (w/v)
glucose at 30 °C with shaking for 24 h (23). After incubation, the sample solution was separated from the
supernatant and the cell by centrifugation (9000 rpm,
10 min, 4 °C). The culture supernatant was filtered
through a filter (pore size: 0.45 μm) under vacuum,
and then ethanol, which constituted 70% of the total
volume added to the supernatant, was added and was
kept at –20 °C for 1 day. After ethanol precipitation,
the solution was separated into extracellular enzyme
and alcohol by centrifugation. The concentrated extracellular enzyme was suspended in 0.1 M sodium
acetate-acetic acid buffer, pH 5.5, and was kept for
activity assays of enzymes possibly released into the
extracellular medium. The cell pellet was harvested by
centrifugation (9000 rpm, 10 min, 4 °C) and washed
twice with 0.9% sterile saline, and then centrifuged
again at 9000 rpm, 10 min, 4 °C. After washing in 0.1
M sodium acetate-acetic acid buffer, pH 5.5, it was
added to the cell suspension and was disrupted by
6 cycles of sonication for 5 min at 80%-90% power
(Bandelin SONOPULS UW2070). Afterwards, the
mixture was centrifuged and the top phase, containing the intracellular enzyme, was placed in a new
tube. Ethanol, which constituted 70% of the total
volume, was added to the supernatant and was kept
at –20 °C for 1 day. After ethanol precipitation, the
solution was separated from the intracellular enzyme
and alcohol with centrifugation. The concentrated
intracellular enzyme was suspended in 0.1 M sodium
acetate-acetic acid buffer, pH 5.5, and was kept at 4
°C for activity assays of cell-associated enzymes.
Phytase assay
Phytase activity was assayed by measuring the
amount of liberated phosphate from sodium phytate. One unit of phytase activity was defined as the
amount of enzyme that produces 1 nmol of inorganic
phosphorous per minute at 50 °C. A reaction mixture containing 100 μL of intracellular or extracellular enzyme sample and 900 μL of 100 mM sodium
acetate-acetic acid buffer (pH 5.5) containing 2 mM
substrate (sodium phytate) was incubated at 50 °C for
15 min. The reaction was stopped by adding 500 μL
of 10% (w/v) trichloroacetic acid solution (26). The
released inorganic phosphate was measured by add-

ing 1 mL of color reagent, prepared daily by mixing
4 volumes of 2.5% (w/v) ammonium molybdate in
a 5.5% (v/v) sulfuric acid solution and 1 volume of
2.5% (w/v) ferrous sulfate solution. The mixture was
transferred to an Eppendorf tube and centrifuged at
10,000 × g for 5 min at 4 °C. After 15 min, the absorbance was measured at 700 nm (UV-1800 Shimadzu
Spectrophotometer) (27). The results were compared
to a standard curve prepared with inorganic phosphate (K2HPO4).
Effect of pH and temperature on phytase activity of
Lactobacillus brevis
The effect of pH on L. brevis phytase activity was determined using different kinds of buffer, depending
on the effective pH ranges; a citrate buffer for pH 3.05.8, a Tris-maleate buffer for pH 6.2-7.4, a Tris-HCl
buffer for pH 7.6-9.0, and a carbonate-bicarbonate
buffer for pH 9.2-10.7 (28). To determine the optimum temperature, phytase activity was measured at
pH 3.4, in the temperature range of 20-120 °C.
Thermal stability of L. brevis phytase
The thermal stability of phytase was tested by incubation of the L. brevis enzyme at 80 °C, 90 °C, and 100
°C for 5, 10, 15, 20, 25, and 30 min. The remaining
phytase activity was measured with a standard activity assay under the optimum temperature and prepared with an optimum pH buffer.
Effect of inhibitor and divalent cations on the phytase activity of L. brevis
To assay the effect of inhibitor and divalent cations,
a mixture containing solutions of the enzyme and
1-5 mM (final concentration) inhibitor and divalent
cations was incubated at 37 °C for 1 h. After incubation, a reaction was started by adding 100 mM citrate
buffer (pH 3.4) containing 2 mM substrate (sodium
phytate), and enzyme activity was analyzed under
standard conditions.
SDS-PAGE and zymogram analysis of phytase
SDS gel electrophoresis was undertaken in a 10% homogenous gel using a vertical electrophoresis system.
Extracellular and intracellular enzyme samples were
mixed with a sample loading buffer (29) in an Eppendorf tube and the tubes were placed in boiling water
for 5 min. The denatured samples were resolved by
SDS-PAGE on a 12% separating gel topped with a 5%
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stacking gel. After electrophoresis, according to the
method of Bae et al. (24), the gels were either stained
for proteins or phytase activity.
Results and discussion
Identification of Lactobacillus brevis
The bacterial isolate was determined as gram-positive, catalase-negative, anaerobic, and bacilli-shaped.
Using comparative analysis of the 16S rRNA gene
sequences obtained from PCR and sequencing, the
strain was identified as Lactobacillus brevis by the
Scientific and Technological Research Council of
Turkey (TÜBİTAK)’s MAM-Genetic Engineering
and Biotechnology Institute.
Screening of phytase activity in solid medium
Lactobacillus brevis was tested on medium containing
sodium phytate, which makes the medium opaque.
After incubation, the microorganism was able to hydrolyze the sodium phytate (phy+), forming a clear
zone around the colony. Following the counterstaining treatment, the zone of clearing remained around
the Lactobacillus brevis phytase (Figure 1). This result
matches well with the results of previous studies in
the literature, confirming the existence of phytase activity in the solid medium (24,26,30).
Screening of phytase activity in liquid medium
The phytase activity of Lactobacillus brevis was assayed
in extracellular and intracellular enzyme suspensions.
For L. brevis, extracellular and intracellular enzyme
activity after 24 h of incubation was 886.18 U/mL and
714.15 U/g, respectively. As was also reported in previous studies (19,20,30), the bacterial strains tested

exhibited the production of extracellular phytase. In
contrast, Raghavendra and Halami (26), De Angelis et
al. (7), and Songré-Ouattara et al. (23) reported that
the phytase activity was only intracellular. Moreover,
some strains have been regarded as good phytase producers, such as strains of L. sanfranciscensis CB1, which
showed the highest phytase activity (420.8 U/mL) (7).
Zuo et al. (31) determined that the highest phytase
activities in the supernatant and cells were 22.12 and
4.49 U/mL at the fourth day of incubation from Lactobacillus casei, and Anastasio et al. (30) found extracellular phytase activity for Enterococcus faecium A86 and
Lactobacillus plantarum H5 at 0.74 U/mL and 0.71 U/
mL, respectively. Phytase activity in cell suspensions
of Lactobacillus casei DSM 20011, Lactobacillus casei
4OW, Lactobacillus fermentum DSM 20052, Lactobacillus plantarum JBPRS, Lactobacillus plantarum W42,
and Lactobacillus plantarum 110 were 0.53 U/mg, 0.24
U/mg, 0.19 U/mg, 0.36 U/mg, 0.20 U/mg, and 0.14
U/mg, respectively (32). Sreeramulu et al. (19) found
production of extracellular phytase by L. amylovorus
B4552. In contrast, L. plantarum produced nonspecific acid phosphatase and it showed much less specificity against sodium phytate (20). Palacios et al. (33)
reported phytate-degrading Bifidobacterium from
chicken intestinal origin. However, Raghavendra and
Halami (26) reported the screening and selection of
phytate-degrading Pediococcus spp. from chicken intestinal origins.
Effects of pH and temperature on enzyme activity
The activity of extracellular and intracellular phytase was optimal at pH 3.4 (Figures 2 and 3) and the
optimum temperature of the extracellular and intracellular enzyme was 120 °C and 110 °C, respectively

Figure 1. Before the counterstaining treatment (left petri plate) and after the counterstaining treatment (right petri plate).
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Figure 2. Effect of pH on L. brevis extracellular phytase activity.

Figure 3. Effect of pH on L. brevis intracellular phytase activity.

(Figures 4 and 5). By comparing the optimal pH and
temperature of the phytases in the literature, it could
be concluded that the extracellular and intracellular
phytase of Lactobacillus brevis was different in temperature from the phytases already known from other
bacteria. The enzyme of L. sanfranciscensis CB1 (intracellular) showed a pH and temperature optimum
of 4.0 and 45 °C, respectively (7). The extracellular
phytase of L. plantarum possessed optimum activity
at pH 5.5 and 65 °C (20). The extracellular phytase
of Lactobacillus plantarum KV1 was most active at
pH 5.5 and 37 °C (34). The intracellular phytase of
Citrobacter braakii exhibited a sharp optimal activity at around pH 4 and the optimal temperature for
enzyme activity was 50 °C (35). The maximal phytase
activity of Lactobacillus casei was obtained at pH 5.0
and the optimum temperature of phytase was observed at 70 °C (31). The intracellular phytase activity of L. fermentum DSM 20052 and L. casei 40W was
optimal at pH 6.5. L. casei DSM 20011 phytate-degrading activity showed 2 pH optima, at 5.5 and 7.0.
The optimal pH for phytase activity of L. plantarum

W42 and L. plantarum JBPRS were close, at 6.0-6.5,
whereas L. plantarum 110 exhibited an alkaline pH
(7.5). Intracellular phytase activity of L. casei DSM
20011 and L. plantarum W42 was optimal at 60 °C,
while that of L. casei 40W, L. fermentum DSM 20052,
L. plantarum JBPRS, and L. plantarum 110 was at 50
°C (32). Oh and In (36) reported that the intracellular
phytase activity of Leuconostoc mesenteroides KC51
was optimal at pH 5.5.
Thermal stability of L. brevis phytase
The thermal stability of the extracellular phytase retained 76% of the maximal activity after heating at 80
°C for 30 min, 67% of the maximal activity at 90 °C
for 30 min, and 76% of the maximal activity at 100 °C
for 30 min (Figure 6). However, at 80 °C, the intracellular phytase activity retained 36% of its original activity after 30 min, but at 90 °C, the activity increased
to 78% of its original activity retained after 30 min,
and at 100 °C, 60% of its original activity remained
after 30 min (Figure 7). Thermostability is considered an important and useful criterion for industrial
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Figure 4. Effect of temperature on L. brevis extracellular phytase
activity.
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Figure 5. Effect of temperature on L. brevis intracellular phytase
activity.
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Figure 6. Thermal stability of extracellular phytase of Lactobacillus brevis.

Figure 7. Thermal stability of
Lactobacillus brevis.

application of phytase. The thermostability of L. sanfranciscensis CB1 phytase maintained 70% of its residual activity after exposure to 70 °C for 30 min and
decreased to 10% of the residual activity after heating
at 80 °C for 10 min (7).

Effect of inhibitor and divalent cations on the phytase activity of L. brevis

Residual relative activity (%)

Residual relative activity (%)
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100

100
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76

90
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MgCl2
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NiCl2

80

80

CuCl2
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73

CoCl2
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FeCl2
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Inhibitor

Divalent cations
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Table 1 shows the effect of inhibitor and divalent cations on extracellular phytase activity. Phytase activity
was moderately inhibited by EDTA, CaCl2, MnCl2,
ZnCl2, CuCl2, and CoCl2 at 1 mM and 5 mM concen-

Table 1. Effect of inhibitor and divalent cations on the extracellular phytase from Lactobacillus
brevis.

EDTA

phytase
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trations. MgCl2 and HgCl2 were moderately inhibited
at a 1 mM concentration. FeCl2 was moderately inhibited at a 5 mM concentration. However, no significant inhibition was observed in the presence of
HgCl2, NiCl2, and MgCl2 at a 5 mM concentration or
NiCl2 and FeCl2 at a 1 mM concentration.
Table 2 shows the effect of inhibitor and divalent cations on intracellular phytase activity. HgCl2,
MnCl2, MgCl2, and CuCl2 stimulated the phytase
activity at 1 mM and 5 mM concentrations. ZnCl2
stimulated phytase activity at a 5 mM concentration
and FeCl2 also stimulated phytase activity at a 1 mM
concentration. Phytase activity was slightly inhibited
by EDTA, FeCl2, and CoCl2 at a 5 mM concentration.
NiCl2 was slightly inhibited at 1 mM and 5 mM concentrations. Phytase activity was moderately inhibited by EDTA and CoCl2 at a 1 mM concentration
and CaCl2 was also moderately inhibited at a 5 mM
concentration.

These results differ somewhat from those previously reported for other Lactobacillus-derived phytase. Hg2+ and Fe3+ ions are known to inhibit the phytase of L. sanfranciscensis CB1; however, Mn2+, Zn2+,
Mg2+, and Cu2+ ions slightly inhibited the phytase activity of L. sanfranciscensis CB1. Intracellular phytase
activity from Lactobacillus brevis, on the other hand,
was stimulated by Hg2+, Fe3+, Mn2+, Zn2+, Mg2+, and
Cu2+ ions (7).
Determination of the molecular weight of phytase
by SDS-PAGE and zymogram analysis
The 2 independent protein bands on SDS-PAGE pertaining to the molecular weights of 73 kDa and 34
kDa were determined from Lactobacillus brevis enzyme (Figure 8). As shown by the zymogram analysis,
the phytase activity corresponds to the protein bands
located at 73 kDa and 34 kDa. SDS-PAGE analysis
showed that the molecular weight of the Lactobacil-

Table 2. Effect of inhibitor and divalent cations on the intracellular phytase from Lactobacillus
brevis.
Residual relative activity (%)

Residual relative activity (%)

Reagent

1 mM

5 mM

Control

100

100

70
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157

MnCl2

140

102

ZnCl2

94

121
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85
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131

111

CoCl2
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94
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EDTA
Divalent cations
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B

A

M
212 kDa
116 kDa

73 kDa

97.4 kDa
66.2 kDa

34 kDa

40 kDa
31 kDa
21 kDa

According to the obtained results, it was clearly
demonstrated that Lactobacillus brevis produced high
levels of extracellular and intracellular phytase. These
observations show that Lactobacillus brevis has the
potential to be used as starter culture for developing
fermented cereal and soybean-based foods, therefore
decreasing phytate levels and upgrading the bioavailability of various minerals such as iron, manganese,
and zinc. This would provide safer and more nutritious fermented food.

14 kDa

Figure 8. SDS-PAGE and zymogram for the extracellular phytase of Lactobacillus brevis. Lanes: M) protein marker
(ProTech AM-K494), A) the gel stained with Coomassie Brilliant Blue R-250, and B) phytase activity
detected on the gel.
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lus casei phytase was 39.2 kDa (31). The molecular
weight of L. sanfranciscensis CB1 enzyme was determined as 50 kDa on SDS-PAGE and gel filtration (7).
These results match well with the phytase enzyme
findings reported in the literature.
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